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Summary
  Ten commercial soft lining materials were selected to be representative of the types cur-
rently available including plasticised acrylic, silicone and fiuorine-containing materials.
These have been investigated in terms oftheir tensile, tear and hardness propenies. With
the exception of tear strength, where silicone materials had the lowest values, there ap-
peared to be no correlation between material type and property. All but two of the materials
had hardness values in the range of30.3 to 43.7. The general conclusion was that the mate-
rials selected showed a large variability in the properties investigated. Regarding clinical
aspects of some soft lining materials used for acrylie resin denture bases, it was appeared
that colour change and deterioration occurred.
Introduction
  [[[he success of complete and partial dentures depends comfort, esthetics and function. One of the
fundamental principles of these prostheses is the prevention of undue movement of the denture dur-
ing function ; in an effort to reduce movement it is generally recognized that a rigid denture base is
desirable. [[here are, however, cases when the denture-bearing area is of such a nature as to make
coverage by a rigid denture intolerable to the patient. Many patients experience pain and difficu}ty
using dentures constructed with hard denture bases. The soft denture-bearing mucosa is confined
between the hard denture base and the bone, and during normal function damage can occur to the
tissues, resulting in chronic soreness. This problem is even more pronounced for those patients who
have diabetes or other debilitating diseases or for geriatric patientsi'2'.
  Denture soft lining materials are widely used as aids for the treatment and prevention of localized
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areas ofpainfu1 tissue initation under dentures. These materials provide a cushion for the denture-
bearing mucosa, and this provides comfort for patients3År. Denture soft lining materials are also valu-
able when treating patients with ridge atrophy or resorption, bony undercuts, congenital or acquired
oral defects requiring obturation and xerostomiai).
There is a wide range ofmaterials currently on the market with the majority being based wholly or
partly on methacrylate (so-called soft acrylics) or silicone chemistry. The large number of materials
available indicates that none have proved fu11y satisfactory but does show a need. Commonly ob-
served deficiencies include poor adhesion to the denture base, poor tear resistance, difficult finishing
and polishing, excessive hardness, gradual hardening with time, and excessive fluid absorption with
resultant distortion and fouling`-6'. Failures are associated with poor physical and mechanical prop-
erties and fouling or colour changes of the liners by fungal growth, processing variables or cleansing
agents. Although the physical and mechanical data of these materials are indicated by a manufac-
ture, we have never seen it that was obtained by the same researcher and the same laboratory con-
ditions such as room temperature, room humidity andlor experimental equipment for each material.
For the reason ofthis point, the authors thought that the physical and mechanical measurements of
these materials are significant. The aim of this study was to evaluate the physical and mechanical
properdes of 10 commereial long-term soft lining materials, selected to represent the different types
currently in use. Since many of these products have been recently introduced to the dental profes-
sion, a comparison ofmaterials will provide clinicians with usefu1 data when choosing materials for
their patients and will serve as a benchmark when new or experimental elastomers are evaluated.
Materials and Methods
  A series of 10 soft Iining materials were selected as representative of the types in wide spread cur-
rent use. Details of the materials tested are listed Table 1, which also includes powderAiquid ratio
Table 1 : List ofmaterials , manufacturers and curing methodp
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Dry heat 30 min-40 C
Dry heat 20 min-60 C
6o min-loo c
Dry heat 10 min-40 C
Dry heat 30 min-40 C
Water bath 20 min-40. C
Water bath 40 min-70 C
40 min-100 C
Dry heat 2 h.30 min-70C
3o min-loo c
Dry heat 30 min-70 C
10 min-40 C
Dry heat 10 min-40 C
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used and curing time. All specimens were prepared according to the manufacture's instructions ex-
cept Molteno, this material was fabricated by manufacturer.
Specimen Preparation
  A specially constructed two-piece metal mould (120 mm x 120 mm x 2.0 mm) (Kobunshikeiki Co.
Kyoto, Japan) was used to fabricate sheets of the materials. The mould was sealed and placed in a
dry heat and pressure instrument SA 302-11 (Tester Industry Co. Tokyo, Japan). The mould was
pressed under a force of approximately 1,800 kg and curing was ea' rm' ed out according to each manu-
facturers instructions (see Table 1). Each cured sheet was stored in a humidor for 24 hours before
testing. Test specimens were punched out of the cured sheets of each material using standard die
cutters by using a cutting machine S 400 (Yoshimitsu Seiki Co., Tokyo, Japan). Care was taken to
ensure that samples were free of surface irregularities, tear or nicks at the edges, and internal de-
fects. Seven specimens were used for each test. Testing was carried out in a temperature controlled
room at 230C Å} 1Åé and 559o Å} 19e humidity.
Tensile Test
  Tensile properties were determined using a Shimadzu universal testing machine (Shimadzu Co.
Kyoto,-Japan) according to ASTM Specification No. D 412. The seven dumb-bell shaped specimens
were marked with bench marking stamps and were tested at a crosshead speed of 500 mmlmin. Ten-
sile stress at 1009e strain, tensile stress and elongation at break were determined.
  Tensile stress (MPa) is defined as the formula : Fn/A
  Where Fn is the force required to produce 1009e elongation and A is the cross-sectional area of the
unstretched specimen.
  Tensile strength (MPa) is defined by the formula : F/A
  Where F is the force required to break the specimen and A is the cross-sectional area of the un-
stretched specimen.
  Elongation to break is defined by the formula : 9oelongation = (L-Lo) ILo x 100
  Where L is the observed distance between bench marks on the stretched specimen and Lo is the
original distance between the bench marks.
Tear Test
  Tear resistance was determined using ASTM Specification No. D 624 with tear test die C used to
produce the specimens. At least 2.5 cm of each tab end were placed in the grips of the machine and
the specimen was tested at a crosshead speed of 500 mmlmin. Breaking force was recorded on a
chart and fractured specimens were evaluated to determine if failure correlated with defects in the
speelmell.
  Te ar resistance (kglcm) is defined by the formula : T = FID
  Where T is tear resistance, F is the force required to break the specimens, and D is the thickness
ofthe'specimen.
Haraness Test
  Hardness was determined by using a Shore-A hardness instrument CI-10 (Kobunshikeiki Co.
Kyoto, Japan) on three specimens stacked to produce a thickness of approximately 6 mm thick.
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Statistical Analysis ofData
  Means and standard deviations were determined, and Bartlett's test for homogeneity of variance
was applied to the data. If the resultant test value was less than the critical X2 value at the O.10
level ofsignificance, and analysis ofvariance (ANOVA) was greater than the critical value (sample
variance not homogeneous), the Welch test was substituted for the ANOVA. wnen there was a sig-
nificant difference among the means, multiple comparisons using TukeYs test were performed.
Clinical observations
  Tlie concerned materials were the four type of materials, silicones (Silicone A after 5 years and
Silicone B after 2 years), acrylic soft resin aiÅ}er 3.5 years, Polyorefin after 1.5 years and Polyphos-
phazene Fluoroelastomer after 1 year were observed respectively.
Results and Discussion
  Table 2 and Figs.1 to 5 show the means and standard deviations for each of the prQperties meas-
ured. Those means that were not statistically different from one another (TukeYs procedure for mul-
tiple comparisons, p sO.05) have been designated the same letter in Table 2 and arejoined by a hori-
zontal line in the Figures. Except of these lines, the data were statistically different.












































1.3(e, D Å} O.16
1.6(e, fi Å} O.19
2.5(b, d) Å} O.25
4.8(g) Å} O.11
5.1(g) Å} O.43
1.4(e, D Å} O.24
45.3(a) Å} 1.65
5.1(b) Å} 1.29
8.0(c, d) Å} O.69
11.9(e, D Å} 1.96
6.6(b, c) Å} 1.47
6.8(b, c) Å} O.74
8.4(c, d) Å} O.98
10.8(d) Å} O.54
14.1(fi Å} 2.89
6.7(b, c) Å} O.37
69.9(a) Å} 2.33
40.7(b, c) Å} 1.93
11.2(d) Å} O.39
36.4(b, e) Å} O.87
30.3(D Å} O.64
33.4(e, D Å} 3.08
31.6(e, D Å} 5.70
43.7(c) Å} 2.59
33.8(e, fi Å} 3.08
37.6(b, e) Å} 1.28
* Multiple comparisons using TukeYs procedure. At p sO.05, groups means designated by the same letter are not sta-
 tistically different.
  Generally, the materials tested exhibited a wide range ofvalues in the propenies measured. How-
ever we must assume that, as they are commercially available, their performance as soft lining ma-
terials is satisfactory.
  All the materials were tested in tension and tensile stress at 1009e extension, ultimate tensile
strength and elongation at break were determined (Figs.1-3 respectively). The tensile stress results
provide a direct comparison between the materials at levels of strain that they may experience in
use. T[his is important especially where the lining material has been used to engage undercuts and
the material will be required to deform easily to facilitate insertion and removal of the denture. As
shown in Fig.1, with the exception ofMollosil and Evatouch, the silicone and acrylic-based materi-
als gave the same level of stress at almost 1 MPa (p g O.05), Mollosil had the lowest at O.04 MPa and
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Novus the highest at 3.1 MPa.
  Tensile strength results show a different pattern (Fig.2) with values in 5 different groups (p s
O.05) : 1) Simpa, Soften, Tokuso SR, 2) Evatouch, Kurepeet, 3) Mollosil, Molloplast B, 4) Novus, Su-
persoft, 5) Molteno. TEhe range is 1.3 MPa for Soften to 6.8 MPa for Molteno and there appeared to be
no correlation with material type. There is a different pattern again with elongation at (Fig.3) and
again there appears to be no correlation with material type. Values vary from 110.29o for Evatouch
to 892.99o for Molteno. Energy to break is the area under the stresslstrain curve so is influenced by
tensile strength and elongation, as such Molteno will have by far the highest as it has the highest
value for both parameters. The importance of considering both parameters is shown by looking at
the results for Simpa, Tokuso and Soften, they have similar tensile strength values but their elonga-
tion to break values are very different (141.1, 578.3 and 2609o respectively), giving Tokuso the high-
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Fig.1 : Tensile stress values. Connecting bars ih-
     dicate no significant difference (p s O.05)
     with use of analysis of variance (ANOVA)
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Fig.2 : Tensile strength values. Connecting bars
      indicate no significant difference (p s
      O.05) with use of ANOVA with [PukeYs
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FYg.3 : Elongation values. Connecting bars indi-
      cate no significant difference (p s O.05)
      with use of ANOVA with Tulesis proce-
      dure.
Tear strength
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Fig.4 : Tear strength (kgfcm2). Connecting bars
      indicate no significant difference (p g
      O.05) with use of ANOVA with TuleYs
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Fig.5 : Hardness values. Connecting bars indicate
     no significant difference (p sO.05) with use
     ofANOVA with TukeYs procedure.
ft lining materials
  Assessment of tear characteristics (Fig.4) is im-
portant in that they are more commonly the forces
that a soft lining wi11 experience in use. Molteno
proved to have by far the highest tear strength at
45.3 kglcm, a factor of9 higher than the lowest,
5.1 kglcm for Evatouch. With the exception of
Molloplast B, the silicone-based materials had
similar tear strength, lower than that of the other
types of material. Poor tear property is a common
problem with silicone-based materials7-9). Like-
wise there was no significant difference (p -Åq O.05)
in the values for the two fluorine-containing ma-
terials. However, the two acrylic-based materials
differ widely with Supersoft having a tear
strength more than twice that of Soften.
  Soft lining materials are required to have sufficient compliance to provide adequate cushioning of
the mucosa. Shore `A' hardness is one of the indentation methods commonly used as a measure of
compliance of soft lining materialsS'9'. With the exception of Molteno (the highest at 69.9) and Mol-
losil (the Iowest at 11.2) the materials all have similar hardness values in the range 30.3 for Simpa
to 43.7 for Novus. There was no obvious relationship with type ofmaterial within that grouping.
  There have been several other studies comparing the various properties ofsoft lining materials,7-20)
however comparison of resdlts is difficult where testing methods differ. Specimen size speed of test-
ing etc. can have a significant affect on properties and even the ranking order may be different. A
study by Dootz et a19) compared the physical propenies of 11 different commercial soft lining materi-
als using the same ASTM test for tensile, tear (although specimen size was modified) and hardness
as this study. Ofthe materials tested Molloplast B, Novus and Supersoft were common to this study
and Table 3 compares the results. In most cases the results given from the Dootz et a19' study are es-
timations from the figures in their paper. Tensile strength and elongation to break were similar for
Molloplast B and Novus but this study found a higher tensile strength (almost double) for Supersoft.
Tear resistance was also higher in this study, double for Molloplast B and Supersoft. In this case, al-
though the test method was the same, Dootz et a19' used a modified tear test die C for the specimens
which could help explain the difference in results. Shore `A' hardness results were slightly lower for
Molloplast B and Novus but less than halffor Supersoft. This difference in hardness values for Su-
persoft is a little puzzling. There is a difference in specimen thickness between the two studies but
that used by Dootz et al was 10 mm, compared to 6 mm, which should result in a higher result in the
present study. [f[he only suggestion is that Supersoft has been reformulated in recent years resulting
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in a higher modulus material2" and the material used in this was used in the Dootz et a19' study. Tliis
would also help explain their higher tensile strength and lower elongation to break values.
  Although there is considerable variability in the physicaYmechanical propewies of the materials
tested there are some conclusions to be made. Hardness is perhaps the most clinically relevant prop-
erty determined in this study with most of the materials having values in the range 30 to 40.
Whereas materials with lower values weuld be acceptable, in fact preferable in some situations,
those with higher values may well not be sufliciently compliant to adequately cushion the mucosa.
So although Molteno proved to have the highest values in all except tensile stress however it is felt
that it is too hard to provide sufficient cushioning for the mucosa.
  In the second part of this study, the applied soft lining materials for removable acrylic resin den-
tures were observed. Figs.6 to 10 show the clinical observations. Severe colour change andlor dete-
rioration of materials showed, it thought depend on bacterial influences are observed in these mate-
rials. These are room temperature vulcanized (RTV) silicones. Alse these room temperature vulcan-
ized silicones are available for heat vulcanizing. In these cases, both are made with room tempera-
ture. The colour ehange of the Silicone A is smaller than Silicone B and some abrasions are observed




Fig.6 : after 5years (Silicone A)
ss
Fig.7 : after 2years (Silicone B)
,
Fig.8 : after 3years and 6 months (soft acrylic
      resin) Fig.9 : after lyear and 6months (Polyorefin)
150 Takamata et al. : Physical properties and clinical observations for soft lining materials
Fig.10: after lyear (Polyphosphazene Fluoro-
       elastomer)
judgment of finger pressure. In comparison with
the physical and mechanical properties of RTV
and HTV silicone materials, the HTV silicone is
better than RTV siliconeii'. However, the applica-
tion for acrylic resin dentures with RTV silicone is
easier handling than HTV silicone because of
their chair time. Fig.8 shows soft acrylic resin for
mandibular complete denture and the deteriora-
tions have been occurred. Fig.9 shows speech aid
attached to the maxi11ary complete denture made
from Polyorefin soft lining materials after one
year and half. The rough of surface, colour
changes and the deteriorat-ions were observed.
The peeling off ofthe soft lining materials from acryljc resin were also observed in Polyphosphazene
Fluoroelastemer CFig.10). This case is used for mandibular complete denture after one year. Even
this material contain the aerylic componentiL' and an expecting the chemical bonding, the result was
as Fig.10.
  It was considered that the all observed materials influenced by bacteria and patient's handling
and storage method at their home are impoi"tant. From a point of clinical view, the materials have to
have resistance to peel off from acrylic resin and need to have antibacterial effect. And also, the edu-
eation for the patient how to handling their soft lining materials in their home is important.
  It might be provided clinicians with usefuI data when selecting the soft liner, especially Shore A
hardness value (Table 2, Fig.5) depend on patient who have weak residual ridge. When the patient
have a weak and soft alveolar ridge in his andlor her, it is better to choose a softer material than a
hard material like Molteno. However, there are many points which are uncertain between the pa-
tient's oral condition and the physical and mechanical properties of soft liners.
  While it is acknowledged that the success or failure ofa soft denture liner also dependant other
factors (e.g. creep compliancei`'i6', dynamic modulus and resilienceitii, bond strength to acrylic22'L'6',
water sorption2Tll:'O' , stain resistance'3i-33' , and a propensity for fungallmicrobial accumulation and
growth'S`'36', the properties measured in this study provide an initial screening to ensure that the ma-
terials are sufficiently compliant and mechanically robust to function.
Conclusions
1. There is considerable variability in the physical and mechanical properties of the soft denture
   liners examined in this study.
2. With the exception oftear strength there appeared to be no correlation between material type
   and property,
3. With the exception ofMolteno and Mollosil, the hardness values were in a similar range.
4. It was appeared that the colour change and the deterioration of clinical examined materials
   were occurred.
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